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Energy Storage Applications2

Energy storage application time scale
òEnergyó applications ðlonger times scale, hours to 
days, large amounts of  energy
òPoweró applications ðshorter time scale, 
milliseconds to minutes, real-time control of  the 
electric grid



Energy Storage Applications by Grid Service Category3
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Bulk Energy Services: Energy Arbitrage4

Buy low, sell high
–= conversion efficiency

ὒὓὖ = average high LMP, ὒὓὖ = average low 
LMP

ή= charge quantity



Bulk Energy Services: Energy Arbitrage5

Market area ðmarket prices

Vertically integrated utility ðefficiency savings

Different variants
Charge with inexpensive renewable energy

Arbitrage day ahead and real-time markets

Day ahead market only

Rarely the highest potential revenue stream

85% efficiency => 117.6% price difference

65% efficiency => 153.8% price difference
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Vertically integrated utility dispatch generation stack (unit commitment and 
economic dispatch)

Cost savings from:

More efficient operation of  generation fleet

Less curtailment

Reduced operating reserves (e.g., must run units)
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Question: How do you value arbitrage in a vertically integrated utility?

Answer: production cost modeling

Fairly involved modeling effort, requires:

Accurate grid model (if  you want to consider congestion)

Generator models (e.g., heat rate, fuel costs, start-up costs, min run time, max run time, 
maintenance schedule, etc.)

Renewable generation models (e.g., historical variability data, forecasted future variability)

Load models (e.g., detailed load models by region/location, forecasted load growth)

Power purchase agreement models

External interface models (e.g., scheduled imports, etc.)

Equipment retirements

Insight into scenario development

Expensive, complicated software tools (e.g., PLEXOS, PROMOD, GE-MAPS, GridView, etc.)
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Question: what is capacity or resource adequacy?

Answer: in simple terms, is there enough generation to meet load under all 
reasonable conditions (including bad weather, unexpected outages/contingencies, 
and renewable variability), along with some margin

Who is responsible for ensuring adequate capacity?1

FERC?

Å Resource planning and procurement is state-jurisdictional

Å Some states have opted to participate in organized wholesale electricity markets with FERC-jurisdictional capacity markets

NERC? WECC?

Å NERC and WECC develop operating standards aimed at ensuring operational reliability

Å NERC and WECC publish information on resource adequacy planning but do not have mandatory planning standards

Utilities, state commissions and local governing bodies!

Å Utilities and their regulators are ultimately responsible for ensuring resource adequacy in their jurisdictions

1Arne Olson, Zach Ming, ñResource Adequacy Today and in the Future in California and the Pacific Northwestò, Western 

Electric Coordinating Council Joint Standing Committee Meeting, June 26, 2019 
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California Example ðthree distinct requirements (https://www.cpuc.ca.gov/RA/)

System resource adequacy - LSE must demonstrate procurement of  90% of  System 
RA obligation for the five summer months of  the coming compliance year (annual 
report due 10/31). LSE must demonstrate procurement of  100% of  their monthly 
System RA obligation (filed 45 days prior to compliance month)

Local resource adequacy - For its three-year forward obligation, each LSE must 
demonstrate procurement of  100% of  Local RA obligation for each month of  
compliance years one and two and 50% of  Local RA obligation for year three (annual 
report due 10/31). From July to December, LSE must demonstrate procurement
of  their revised (due to load migration) Local RA obligation (filed 45 days prior to 
compliance month).

Flexible resource adequacy - LSE must demonstrate procurement of  90% of  Flexible 
RA obligation for each month of  coming compliance year (annual report due 10/31). 
LSE must demonstrate procurement of  100% of  their monthly Flexible RA obligation 
(filed 45 days prior to compliance month).

Requirement Determination

System RA
Each LSEs CEC-adjusted forecast plus a 15% 

planning reserve margin

Local RA
Annual CAISO study using a 1-in-10 weather 

year and an N-1-1 contingency

Flexible RA

Annual CAISO study that currently looks at the 

largest three -hour ramp for each month 

needed to run the system reliably
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Best practices1, two-step process:

1. Perform a reliability study to determine the quantity of  resources needed to meet 
a defined reliability target 

Uses òLoss-of-Load Probabilityó modeling techniques 

Reliability target is typically defined as ò1-outage day-in-10 yearsó though there is no 
industry standard 

2. Translate the required quantity of  resources into a Planning Reserve Margin 
(PRM) heuristic for easy application to multiple processes 

PRM defined as % of  typical year (1-in-2) peak load 

PRM of  12-20% is typical across the industry 

Thermal generators rated at firm capacity level 

Dispatch-limited resources (hydro, wind, solar, DR, storage) require more advanced 
techniques

What is the value of  storage for capacity or resource adequacy? 

The cost savings achieved relative to other scenarios that meet the resource adequacy 
requirements that do not contain energy storage.

The cost of  the marginal resource required to meet capacity or resource adequacy

1Arne Olson, Zach Ming, ñResource Adequacy Today and in the Future in California and the Pacific Northwestò, Western 

Electric Coordinating Council Joint Standing Committee Meeting, June 26, 2019 
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Ancillary services are required to maintain grid reliability

Balancing and Frequency Control, A Technical Document Prepared by the NERC Resources Subcommittee, North 

American Electric reliability Corporation, Princeton, NJ, January 26, 2011

Frequency Response

Frequency Regulation

Imbalance Reserves



Ancillary Services: Frequency Response or Frequency Droop12

Frequency droop: generator speed control proportional to the 
speed (frequency) error

Energy storage can provide frequency droop via a control law

February 15, 2018 ðFERC Order 842, all new generation must be capable of  
providing primary frequency response as a condition of  interconnection. 

No compensation, but this is currently a point of  contention



Ancillary Services: Frequency Regulation13

Second by second adjustment in output power 
to maintain grid frequency

Follow automatic generation control (AGC) 
signal

Representative regulation command 
signal (RegD from PJM)
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What is the value of  storage for frequency regulation? 

The cost savings achieved relative to other scenarios that meet the frequency regulation 
requirements that do not contain energy storage.

The cost of  the marginal resource required to meet frequency regulation requirements

Step one is calculating the required amount of  frequency regulation

Increasing renewable variability will increase the amount of  reserve products that must be 
procured, including frequency regulation

At some point, the location of  renewable variability will become important which will 
require more accurate models



Ancillary Services: Imbalance Reserves (spin/non-spin)15

Balancing and Frequency Control, A Technical Document Prepared by the NERC Resources Subcommittee, North 

American Electric reliability Corporation, Princeton, NJ, January 26, 2011


